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IMPLICATIONS ANDPurpose: Schooling is associated with a lower risk of Herpes simplex virus type 2 (HSV-2) in
adolescent girls and young women, but there is little understanding of the pathways underlying
this relationship.
Methods: We used data from adolescent girls and young women in South Africa enrolled in the
HIV Prevention Trials Network 068 study. We tested a structural equation model where individual
household and community education measures were associated directly and indirectly with
incident HSV-2 through HIV knowledge, future aspirations, age-disparate partnerships, sex in the
last 12 months, and condomless sex.
Results: Community, household, and individual measures of schooling were all associated with
incident HSV-2 infection through mediated pathways that increased the likelihood of having
sex. Low school attendance (<80% of school days) increased the likelihood of having sex
through increased age-disparate partnerships and reduced future aspirations. Fewer com-
munity years of education increased the likelihood of having sex through increased age-
disparate partnerships. Parental education level was indirectly associated with HSV-2* Address correspondence to: Marie C
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overall, although we could not identify the individual pathways that were responsible for this
association.
Conclusions: Community and individual schooling interventions may reduce the risk of HSV-2
infection by influencing the likelihood of having sex, partner age, and future aspirations.partner age and low future
aspirations.Adolescent girls and young women (AGYW) in South Africa
are disproportionately at risk of sexually transmitted infections
(STIs) including Herpes simplex virus type 2 (HSV-2) and HIV.
Patterns of HSV-2 prevalence show a strong differential by sex,
with an estimated prevalence of 29% among young South African
women compared with 10% in young South African men aged
15e26 years [1]. Risk of STIs in AGYW is strongly correlated with
social and structural factors including gender inequity, stigma
and discrimination (around HIV or access to health care),
poverty, and education [2e4]. In our prior analyses among AGYW
in South Africa, we found that low school attendance and school
dropout were associated with over twice the risk of both incident
HIV and HSV-2 [5]. Yet, there is limited research to provide a
more in-depth understanding of this relationship, including
determining whether household and community measures of
education influence risk and examining the underlying pathways
between schooling and HSV-2 infection.
Connections of parental and community education with HSV-2
infection
Individual education has been associated with both HSV-2
and HIV infection and is strongly correlated with parental and
community education levels [6e8]. However, these measures
have rarely been studied independently. Parental educational
attainment is associated with socioeconomic disadvantage and a
reduced prevalence of HIV [9]. At the community level, individ-
ual HIV knowledge can be increased through interaction with
other community members with an equal or higher education
level [10]. Negative gender norms are pervasive in many com-
munity settings in South Africa and have also been associated
with access to education, intimate partner violence, and sexual
behaviors [11e13]. Other measures that are correlated with
community education such as community cohesion, group
membership, and civic participation are associated with
increased sexual behaviors among AGYW and with the risk of
STIs [8,14e20].
Mediators between education and HSV-2
Research on pathways for the relationship between education
at any level (individual, family, and community) and HSV-2
infection is similarly lacking. Our previous research from South
Africa found that partner age difference and number of sexual
partners both singly mediated the relationships between indi-
vidual school attendance and incident HIV and HSV-2 infection
[21]. Although that study provided some evidence that partner
characteristics are important in the relationship between school
attendance and HIV and HSV-2 infection, schooling is likely to
influence other sexual behaviors. Furthermore, no studies have
examined group-level education measures or other related me-
diators that have been hypothesized to be important in therelationship between education and HSV-2 infection, such as
condomless sex and knowledge about sexual health, particularly
when mediators are considered simultaneously.
We used a comprehensive review by Jukes et al. [22] to
develop our theoretical model. Given the lack of research on
HSV-2 and the similar pathways in the relationship between
schooling and HIV infection, we used theoretical literature on
HIV to guide our selection of mediators. We hypothesized that
increased individual-level school attendance would be related to
a reduced risk of incident HSV-2 through two distinct mediation
steps whereby education first influences HIV knowledge, age-
disparate partnerships, or future aspirations and, through these
factors, affects sexual behavior (Figure 1). HIV knowledge will be
used to test the common hypothesis that more educated in-
dividuals are more exposed to preventative information about
STIs and may be more likely to change their behaviors to prevent
infection [22e25]. Future aspirations will be used to determine if
more educated individuals have different aspirations for the
future, making them less inclined to engage in sexual activity
that elevates exposure to STIs [22,26,27]. Finally, partner age
difference is included to examine the idea that educated in-
dividuals have different social and sexual networks based on
being in school that might make them less exposed to infection
[5,22]. In the second mediation step, we will examine how the
first-stage mediators influence sexual behaviors that can directly
influence HSV-2 acquisition, including condomless sex and
increased likelihood of sex in the last 12 months.
Overall, this study builds on our previous research by testing a
structural equation model for the relationship between multi-
level measures of education and risk of incident HSV-2 infection
among AGYW in South Africa. First, we tested the global fit of our
theory-based structural equation model to the available empir-
ical data. Second, we examined if individual, household, and
community measures of education were associated with risk of
incident HSV-2. Third, we explored chained mediation pathways
including through first-stage (HIV knowledge, future aspirations,
and sexual networks) and second-stage (sex in the last
12 months and condomless sex) mediators (Figure 1).Methods
Study population
We used longitudinal data from the HIV Prevention Trials
Network (HPTN) 068 study in rural South Africa. HPTN 068 was a
randomized trial to determine if providing cash transfers, con-
ditional on school attendance, would reduce the incidence of HIV
in AGYW [28,29]. The trial enrolled 2,533 AGYW in 2011 who
were aged between 13 and 20 years, were not pregnant or
married, had a parent/guardian in the household, and were
enrolled in grades 8e11. The study included AGYW living in 28
villages within the MRC/Wits Rural Public Health and Health
Transitions Research Unit (Agincourt) in rural Mpumalanga
Province, South Africa. The area is the site of the Agincourt Health
and Socio-Demographic Surveillance Site, which includes an
annual census of more than 115,000 people. The area is rural
with little infrastructure, high levels of poverty, unemployment,
and migration and high levels of social protection (80% receiving
the child support grant) [30]. We included girls who were HIV
and HSV-2 negative at baseline and had at least two annual
follow-up visits to examine mediation, ensure temporal
ordering, and isolate incident infections [29].
Young women were randomized 1:1 to the control or inter-
vention arm and were followed annually from enrollment until
study completion (up to 3 years in 2015) or graduation from high
school, whichever came first. Young women remained in the
study if they dropped out of school, were married, or became
pregnant. Each annual visit included an Audio Computer-
Assisted Self-Interview survey and a test for HIV/HSV-2 for
those who previously tested negative. Institutional review board
approval was obtained from the University of North Carolina at
Chapel Hill and the University of the Witwatersrand Human
Research Ethics Committee as well as the Provincial Department
of Health’s Research Ethics Committee.
Ascertainment of exposures, outcome, mediators, and covariates
The main exposure of time-varying, individual school atten-
dance was defined as the percentage of school days attended in
the months between study visits based on high school atten-
dance registers [5,29]. The exposure was dichotomized as high
(80% school days) versus low attendance (<80% school days),
using the cutoff from the cash transfer intervention [5,28]. Other
multilevel measures of education included baseline parental
level of education and time-varying community mean years of
education (based on reported village if the girl moved). Parental
education was a categorical variable defined using four cate-
gories: no school, primary school, some secondary school, and
completed secondary or higher education. Mother’s educational
level was used unless the mother had died, inwhich case father’s
educational level was used. Mean community years of education
was a continuous variable created using village-level information
from the Agincourt HDSS census about the village where the girl
reported currently living [30]. This variable was constructed as
the mean of the total years of education reported by all in-
dividuals living in a specific village. The outcome of incident
HSV-2 infection was defined as new cases of HSV-2 detected
following enrollment [28].
The time-varying mediators that were examined in our study
were future aspirations (hope for the future), condomless sex in
the last 3 months, age-disparate partnerships (partner aged
5 years), having sex in the last 12 months, and HIV knowledge
(Figure 1). Hope for the future was a continuous variable con-
structed using a scale that was created and validated using the
HPTN 068 cohort [31]. The hope for the future scale consists of 12
items with a 4-point Likert response from “1” for totally disagree
to “4” for totally agree. All sexual behaviors were self-reported.
Condomless sex in the last 3 months was defined as not using
a condom at the last vaginal or anal sex. Having an age-disparate
partnership was defined as having at least one sexual or
nonsexual partner 5 years older. This categorization has been
used in prior HPTN 068 analyses and is conventional in the
literature [32]. Condomless sex and sex in the last 12 months
were coded as 0 if the girl did not have sex in the last 12 months,and partner age was coded as 0 if she did not report a partner.
HIV knowledge score was used as a proxy for general knowledge
about the prevention of STIs and was defined as the number of
questions answered correctly using a six-question scale [33]. HIV
knowledge was dichotomized as answering more than 50% of
questions correctly versus less than 50%. Mediators were ascer-
tained from the time point after exposures and before the
outcome ascertainment.
Covariates that were included in all models were age at
baseline, intervention assignment at baseline, and baseline so-
cioeconomic status (SES). SES was constructed using principal
components analysis with assets and divided into quartiles. Age
was selected as a covariate as it is one of the strongest factors
related to risk of HSV-2 infection [34], and SES was selected as it
is closely linked to education level [22]. Randomization arm was
included in all models to account for the original study design of
the randomized trial.
Statistical analysis
We used structural equation modeling in Mplus version 8.1
(Muthén & Muthén, Los Angeles, CA) to test our model for the
relationship between multilevel measures of education and risk of
HSV-2 infection including throughallmediators (Figure1).Weused
a discrete-time survival model with theMplus Bayes estimator and
noninformative priors before examining mediation paths. The
Bayesian estimator was used instead of other available estimation
options (e.g., maximum likelihood) because it simultaneously (1)
includes cases with partial data, (2) allows for correlated residuals
among the multiple mediators, (3) computes optimal asymmetric
credible intervals [CIs] (the Bayesian analog of confidence intervals
used in frequentist statistics) for indirect effects, (4) allows for
multiple mediators in a sequential arrangement (chained media-
tion), and (5) can be used to test a specific model within the
structural equation modeling framework [35]. For continuous me-
diators, themodel uses a normal distribution; for binarymediators
and theHSV-2outcome, aprobitdistributionwithunderlying latent
variables with a standard normal residual distribution is assumed.
Therefore, the coefficients (B) represent linear regression co-
efficients between exposures and the underlying latent represen-
tations for binary variables, including HSV-2 (i.e., the change in the
continuous underlying latent variable per 1-unit change in the
exposure). We report standardized coefficients and 95% credible
intervals (CI).Globalmodelfit for theproposedstandarderrorof the
mean (SEM) was assessed using the posterior predictive p (PPP)
value. PPP values close to .50 indicate excellent model-data fit,
whereas PPP values close to 0 or 1 indicate poorer fit [36].
We estimated both the indirect association through each of
the mediated paths and the direct association not through each
mediator for each exposure [37]. To account for the sequence of
mediators, we modeled first-stage mediators (knowledge, hope
for the future, and age-disparate partner), second-stage media-
tors affected by first stage mediators (sex in the last 12 months
and condomless sex) and then HSV-2 affected by all mediators.
Covariates were included in the model for the first-stage medi-
ators and the outcome.
Results
Of the 2,533 young women enrolled in the original trial, we
included 1,691 girls who were HSV-2 and HIV negative at base-
line and had at least three visits (at baseline and two follow-up
Table 1
Baseline characteristics of young women aged 13e20 without prevalent HSV-2
infection and at least three follow-up visits in Agincourt, South Africa, from
March 2011 to December 2012 (N ¼ 1,691)
n (%) Median (IQR)





High attendance in school (80%) 1,624 (96.6)
Household wealth
Low 428 (25.3)
Middle to low 5,466 (25.3)
Middle 400 (23.7)
High 395 (23.4)
Parental education at baseline (household)
No school 258 (16.8)
Primary school 371 (24.2)
Some secondary school 467 (30.4)
Completed secondary or higher 440 (28.7)
Community mean years of education 6.6 (6.1e6.9)
Community max years of education 8 (7e8)
Hope for the future score (continuous) 32 (26e38)
Low hope for the future score (below median) 1,006 (60.0)
Low HIV knowledge (50% correct) 1,042 (63.0)
Sex in the last 12 mo 327 (19.5)
Age-disparate relationship (partner aged 5 y) 60.(3.7)
Ever had sex 318 (18.8)
Any condomless sex in last 3 mo 84 (5.0)
CCT randomization arm 912 (53.9)
Total N ¼ 1,691; missing: age 0; randomization arm 0; SES 2; age difference 55;
sex in last 12 months 15; school attendance 10; physical violence 37; ever had
sex 2, partner in last 12 months 15; HIV knowledge 38; hope for the future 16;
parental education 155; condomless sex 13.
HSV-2 ¼ Herpes simplex virus type 2; IQR ¼ interquartile range.
Figure 1. Conceptual model of individual, household and community measures
of education leading to HSV-2 infection in young women*. This is a conceptual
model and not an analytic model (e.g., DAG or SEM graph). Covariates (not
shown in diagram for clarity): age, SES, intervention randomization arm. *Def-
initions: Low school attendance <80% of school days, age-disparate relationship
(partner aged 5 years), low HIV knowledge (50% correct); Community mean
years of education. HSV-2, Herpes simplex virus type 2.visits later). There were 120 incident HSV-2 infections over the
study period in 6,723 study visits. At baseline, the median age
was 15 years (interquartile range 14e16), 3.7% had an age-
disparate partnership, 19.5% had sex in the last 12 months,
60.0% had a low hope for the future score (below median of 35),
63.0% had low HIV knowledge, 5% had condomless sex in the last
3 months, and 96.6% had high attendance in school (>80% school
days; Table 1). About 17% had a parent with no education, and the
mean years of community education was 6.6, representing the
completion of some primary school. Over the entire study period,
girls reported having a partner in the last 12 months at 29.2% of
visits, an older partner at 6.5% of visits, and unprotected sex at
7.8% of visits.
For the specified structural equation model, the PPP value
was .30, indicating satisfactory global model-data fit [36]. The
percent of the variance in HSV-2 explained by the model was
21.9% (95% CI: 13.3%e31.5%). Table 2 shows associations for the
first step of the chained mediation pathway, examining how
multilevel exposures of education affect first-stage mediators
(low hope for the future, HIV knowledge, and age-disparate
partnerships). At the individual level, young women with
low school attendance had a lower hope for the future
(B: .12; 95% CI: .09 to .15) and had a higher propensity of
having an age-disparate partnership (B: .15; 95% CI .11e.18). At
the household level, young women with a parent with some
secondary (B: .04; 95% CI .01 to .08) and primary educa-
tion (B: .05; 95% CI .01 to .08) had lower hope for the
future, compared with a parent who had completed secondary
education. At the community level, lower mean years of edu-
cation was associated with a higher propensity of having an
age-disparate partnership (B: .08 per 1-year decrease in mean
education; 95% CI: .04e.12).
Table 3 shows associations between the first-stage mediators
(hope for the future, HIV knowledge, and age-disparate part-
nerships) and second-stage mediators (condomless sex and sex
in the last 12 months). All first-stage mediators were associated
with sex in the last 12 months. Low hope for the future and age-
disparate partnerships were associated with condomless sex,
whereas HIV knowledge was not.
Table 4 shows the third step of the mediation chain exam-
ining associations between the second-stage mediators (con-
domless sex and sex in the last 12 months) and incident HSV-2
infection. Young women who had sex in the last 12 months
had a .53 higher propensity of HSV-2 infection (95% CI .23e.82).
However, condomless sex was not associated with an increased
incidence of HSV-2 (B: .27%; 95% e.04 to .57).
Overall, all three multilevel measures of education were
indirectly associated with incident HSV-2 infection through our
mediators of interest (Table 5). At the individual level, lower
school attendance was associated with a higher propensity of
HSV-2 indirectly (B: .04; 95% CI .02, .06) and overall (B .09; 95% CI
.02, .16; Table 5). At the household level, compared to having a
parent that completed secondary school, we found an indirect
association for not completing secondary school on HSV-2 (B:
.01; 95% CI .00e.02). At the community level, a 1-year decrease in
the mean level of village education was associated with a .01
(95% CI .01e.35) increase in the underlying propensity of HSV-2
infection. We did not identify a total association between com-
munity education and HSV-2. In this instance, the total associa-
tion could be null because these associations operated in
opposite directions and therefore could have canceled each other
out (Table 5) [38].Figure 2 shows the chained (sequential) mediation pathways
for the indirect associations between each measure of education
and incident HSV-2 infection. Low school attendance increased
incident HSV-2 infection by increasing the propensity of an age-
disparate partnership (B: .05; 95% CI .02e.09) and increasing
Table 4




Condomless Sex .27 (.04, .57)
Sex in the last 12 mo .53 (.23, .82)
N ¼ 6,723 person-time observations from 1,691 participants.
Bold values are p < 0.05.
CI ¼ confidence interval; HSV-2 ¼ Herpes simplex virus type 2.
a Adjusted for low attendance, household-level education, community mean
education, socioeconomic status, age, randomization arm.
Table 2
Linear regression coefficients (B) and 95% credible intervals (CIs) for the associ-
ations in step 1 of the mediation pathwaya
Exposures Outcome
Hope for the future Older partner Knowledge
B (95% CI) B (95% CI) B (95% CI)
Low attendance L.12 (L.09, L.15) .15 (.11, .18) .00 (.05, .05)
Household-level
education
No school .01 (.03, .04) .01 (.05, .06) .03 (.04, .10)
Primary school L.05 (L.01, L.08) .03 (.02, .09) .03 (.04, .10)
Some secondary
school







.02 (.05, .01) .08 (.04, .12) .04 (.04, .08)
Bold values are p < 0.05.
a Adjusted for SES, age, and randomization arm.hope for the future (B: .003; 95% CI .001e.01), which then
increased sex in the last 12 months. At the household level, we
did not identify any specific pathways. At the community level, a
1-year decrease in the mean level of education was associated
with a higher propensity of incident HSV-2 infection because
young women were more likely to have an age-disparate part-
nership and thenmore likely to have sex in the last 12months (B:
.03; 95% CI .01e.05).Table 5
Linear regression coefficients (B) and 95% credible intervals (CIs) for the total,
direct, and total indirect associations of each multilevel exposure of education
with incident HSV-2 infectiona















Low attendance in school, lower community mean years of
education, and lower parental level of education were all indi-
rectly associated with HSV-2 infection through mediation.
Sequential mediation pathways ultimately operated through an
increased likelihood of having sex. Low school attendance
increased the probability of having sex through reduced future
aspirations and increased age-disparate partnerships. Lower
community years of education increased probability of sex
through increased age-disparate partnerships. Lower parental
education level was associated with HSV-2 through mediators,
although we could not identify the individual pathways that
were responsible for this association.
Our results are consistent with prior studies showing a strong
relationship between individual school attendance and HSV-2
infection [2,5] and identifying that this relationship operates
through increased age-disparate partnerships and likelihood of
having sex [21]. However, we further identify multistep media-
tion pathways underlying these associations and show that bothTable 3
Associations for step 2 of the mediation pathway
Exposures Outcome
Condomless sex Sex in the last 12 m
B (95% CI) B (95% CI)
Hope for the future L.10 (L.15, L.05) L.06 (L.10, L.02)
Partner age difference (5 y) L.50 (L.55, L.45) .68 (.64, .72)
HIV knowledge .02 (.11, .06) .16 (.08, .23)
Bold values are p < 0.05.
CI ¼ confidence interval.increased age-disparate partnerships and reduced hope for the
future increase likelihood of having sex and risk of HSV-2. Our
results support previous findings that school attendance may
prevent HIV and HSV-2 by reducing opportunities for sexual
activity and encouraging partnerships with same-age peers
rather than older partners when sexual activity does occur [21].
However, we add to these findings with evidence to support the
hypothesis that young women who are in school have different
aspirations for the future that reduce risk of HSV-2, in this case by
reducing likelihood of having sex [26,27,39]. Structural in-
terventions to increase individual school attendance make
AGYW feel more hopeful about the future, changing sexual
behavior. Building positive future aspirations is particularly
critical for AGYW in contexts such as the ADHSS area, where
there are limited opportunities for employment or higher edu-
cation and AGYW may feel pressure to start a family. In addition,
the indirect association between parental education and HSV-2
highlights the importance of positive role models and support
for young women, which can increase individual aspirations to
complete school [6,7].No school .01 (.11, .08) .00 (.01, .23) .02 (.12, .08)
Primary school L.11 (L.22, L.001) .01 (.00, .03) L.12 (L.23, L.01)
Some secondary
school








.09 (.02, .16) .04 (.02, .06) .05 (.02, .12)
HSV-2 ¼ Herpes simplex virus type 2.
a Bold value represents is p  .05; N ¼ 6,723 person-time observations from
1,691 participants.
b Lower bound is .001 due appears as .00 due to rounding.
Figure 2. Significant pathways for the effect of multilevel measures of schooling on incident HSV-2 infection*. *All paths were significant at alpha <.05; Path for mean
community level of education (B: .03; 95% CI .01e.05); Path for school attendance through future aspirations (B: .00; 95% CI .00e.01); path for school attendance
through partner age (B: .05; 95% CI .02e.09); N ¼ 6,723 person-time observations from 1,691 participants. *Definitions: low school attendance <80% of school days,
age-disparate relationship (partner aged 5 years), low HIV knowledge (50% correct); Community mean years of education. HSV-2, Herpes simplex virus type 2We identified an indirect association between decreased
community mean years of education and increased incidence of
HSV-2 infection that operated through an increased probability
of having an age-disparate partnership. These findings could be
related to men in more education communities perceiving risk to
be higher in relationships with younger women and not
engaging in these relationships [40]. Or, community education
may be a marker for other community-level variables that affect
HSV-2 acquisition such as gender norms, community cohesion,
group participation, and stigma and discrimination, which are
related to HIV risk [8,14e20]. More research is needed regarding
how these other factors correlate with community-level educa-
tion to understand how to best intervene, but we do see that age-
disparate relationships, a strong determinant of HIV risk, can be
changed through community-level characteristics.
Our study is one of the first to investigate chained mediation
pathways that involve multiple factors in the relationship
between multilevel measures of education and incident HSV-2.
However, many of the mediators of this relationship are self-
reported sexual behaviors, which may have resulted in under-
reporting, socially desirable reporting, or recall biases. Second, to
examine mediation, our sample was limited to participants who
had at least two follow-up visits, and participants may be older.
In addition, the use of three visits limited our power to examine
incident HIV infection, and therefore, only incident HSV-2 was
examined as an outcome. Given our specification of a model with
relatively few covariates, it is also possible that we are not
including important confounders. We did not explicitly model
loss to follow-up in the analysis, but retention was high in the
study (87% control and 95% intervention) [29]. The remaining
few cases with partial data were included in the structural
equation modeling under the relatively mild conditionally
missing at random assumption via Bayesian estimation. Finally,
we used a comprehensive review by Jukes et al. [22] to develop
our theoretical model for the relationship between education
and HIV infection and therefore assume that pathways in that
review are most likely.
We used the Bayesian SEM approach implemented in Mplus
because it was the only approach that allowed us to test anSEM with multiple, sequential mediators and assess model fit.
However, this approach is limited to interpretability. In addi-
tion, the associations obtained are not estimates of parameters
that can be defined as hypothetical interventions, as they
would be if using a causal inference framework, obtaining
estimates of parameters that correspond to hypothetical in-
terventions in the context of complex SEMs with multiple
sequential mediators is an area of ongoing research. Finally,
our method assumes that there is no interaction between
exposure and mediator.
In conclusion, household, community, and individual
measures of schooling were associated with incident HSV-2
infection among AGYW, and this relationship primarily
operated through likelihood of having sex. Low attendance in
school led to both increased age-disparate partnerships and
reduced aspirations for the future, which increased the likeli-
hood of having sex. Lower community education influenced
HSV-2 through increased age-disparate relationships. Struc-
tural interventions to increase access to education are impor-
tant to elevate future aspirations and decrease age-disparate
partnerships, thus reducing risk of HSV-2 infection. In
addition, increasing the community level of education could be
a way to reduce the risk of STIs in young women by reducing
age-disparate partnerships.
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